This review investigates the market performance of salmon forward contracts. It studies whether the forward price is an unbiased estimator of the spot price and whether the forward market generates price discovery information. The focus is on the Fish Pool market for the period from 2006 to 2017 and relates to forward contracts with maturities up to 60 months. The main finding is that there is strong cointegration up to a period of seven months. After this window, there is marginally significant cointegration up to a period of 12 months and the cointegration relationship disappears for contracts with maturities longer than 12 months, pointing to the inefficiency of these forward markets. The results from error-correction models and Granger causality tests suggest that the salmon forward market does not fulfill the expected price discovery role and that the spot market drives the forward market. These findings suggest the salmon forward market is still immature and cast doubt on the viability of longer-term salmon forward contracts.
Introduction
Salmon production has been rapidly growing but has not kept up with demand. With high prices the new normal, stakeholders all along the salmon supply chain are focusing on identifying effective ways of coping with the widening gap between supply and demand (Torrisen et al., 2011) . Countries such as the Russian Federation, Canada, Ireland, Iceland, and Australia have invested in developing new aquaculture production sites, and the viability of land-based farming has increased (FAO, 2017) . In addition, the industry focuses on developing technologies for efficiency gains in both farming and processing (FAO, 2017) . According to the FAO (2017) , there is widespread acceptance of the firmness of the new price plateau supported by rapid global demand growth and a number of physical and regulatory constraints on supply growth. These factors have created a strong motivation for stakeholders to explore ways of increasing their share of the revenues generated on relatively little raw material. With increased turnover and price volatility and risk in the salmon market, the salmon forward market might help market participants to manage their price risks. Making or taking delivery on forward sold or bought may eliminate price risk. This manuscript is a study of market structure and performance of salmon forwards and expands the reach of analysis to a five-year window.
The study of food markets from this financial perspective is well-established (see, e.g., Bessler and Covey, 1991; Schroeder and Goodwin, 2006) . However, fish markets have not been studied in that much detail. This is mainly because forward markets in these commodities seem to be underdeveloped. This is surprising, given the interest in the fisheries industry (Forster, 2002; Torrisen et al., 2011) . This study aims to complement Asche et al. (2016a) and Ankamah-Yeboah et al. (2017) . These studies employ cointegration to examine the validity of the unbiasedness and prediction hypotheses in the salmon forward market. Both these studies focus on the short-term horizon and are limited to contract maturities of up to 12-month. The aim is to depart from these two studies and to account for a wider range of forward series. Further, this study investigates a historical period that saw an unprecedented increase of both spot and forward prices in the salmon market. The results partially confirm the results of Asche et al. (2016a) and Ankamah-Yeboah et al. (2017) for short-term forward contracts and provide new insights for forwards with longer maturities. In particular, it appears that with the above one-year forward, the market is not informationally efficient.
Futures markets allow market participants to hedge price risk and provide price discovery. As such, it is an important risk management tool for producers and buyers alike; new and young futures markets do not always succeed. Brorsen and Fofana (2001) offer an overview of the drivers of success and failure of agricultural futures contracts in general and Bergfjord (2007) investigates the prospects of the salmon futures market. Bergfjord was not very optimistic, especially because of trade regulations, transportation costs, storage issues, and the very limited interest of financial intermediaries. Nevertheless, the salmon forward introduced by Fish Pool in 2006 was well received and the contracts to be exchanged expanded over the years. This study relies on price data from Fish Pool to analyze the usefulness of the forward market as a price discovery vehicle. It investigates whether the Fish Pool salmon contracts are an unbiased estimator of the salmon spot price. Being an unbiased estimator of the spot price is a crucial feature if the market is to succeed as an instrument to hedge price risks (Ederington, 1979; Giles and Goss, 1981; Slade and Thille, 2006) . This study finds strong cointegration between salmon spot and forward prices up to a period of seven months. After this window, there is only marginally significant cointegration up to a period of 12 months and the cointegration relationship disappears for contracts with maturities longer than 12 months. This suggests that the salmon forward price may not serve as a reliable predictor of the expected future spot price beyond the one-year horizon. The lack of cointegration for longer maturity contracts may result from low trading activity. As such, hedgers would need to look into alternative means to manage medium and long-term salmon price risks. Furthermore, the errorcorrection models and Granger causality tests provide overwhelming evidence that the salmon forward market does not provide an adequate price discovery function and that the spot drives the forward market. These findings cast doubt on the viability of salmon forwards, particularly on those with longer maturities.
The remainder of the paper is organized as follows. First, there is a brief overview of the literature on forward market performance for salmon and other livestock. Then, the methodology used is delineated, followed by an introduction of the Fish Pool data. Next, there is the reporting and discussion of the results from the analysis. The paper ends with a brief conclusion.
Literature review
Forward/futures trading or derivative trading at large is a novelty to the seafood industry. Futures trading was introduced to shrimp and salmon. A number of studies have pointed to the deficiency of shrimp futures contracts traded in the Minneapolis Grain Exchange (MGE) as an effective price discovery and hedging tool (Mart ınez-Garmendia and Anderson, 2001; Maynard et al., 2001) . Maynard et al. (2001) evaluate the performance of shrimp futures contracts but can only identify one cointegration relationship between shrimp spot and futures prices from thirteen varieties of shrimp spot prices and two varieties of futures prices during the period from 1994 to 1998. They conclude that shrimp forward prices fail as a price discovery mechanism and attribute this failure to the lack of liquidity in the forward market. Mart ınez-Garmendia and Anderson (2001) arrive at similar conclusions. These findings seem to cast doubt on the feasibility of seafood for futures trading. On the other hand, forward trading tends to have more success in agricultural and other livestock industries with a tradition of using forward contracts. For example, Yang et al. (2001) study the price discovery performance of futures markets for storable (corn, oats, soybean, wheat, cotton, and pork bellies) and non-storable (hogs, live cattle, feeder cattle) commodities using daily data from 1992 to 1998, and conclude that futures markets can be used as a price discovery tool in all of these markets.
Salmon forward contracts traded in Fish Pool are different from the shrimp futures traded in the MGE as the former is a financial forward contract written on a broad salmon price index with no physical delivery. This setup takes away several market frictions (e.g., cost of carry, deliverable grades) that may hamper the interaction between forward and spot salmon prices. Long-term forward contracts are also available for salmon with maturities up to 60 months. This innovation to seafood futures trading resulted in renewed interest in the examination of futures performance in academic literature. Asche et al. (2016a) study salmon forward with maturities up to six months for the period from 2006 to 2014. They find salmon spot and (lagged) forward prices are cointegrated and that forward prices provide an unbiased estimate of the spot price. They do not find evidence supporting the price discovery function of salmon forwards. Ankamah-Yeboah et al. (2017) extend the data series of Asche et al. (2016b) and rely on a slightly different model specification. They confirm evidence of cointegration between spot prices and up to 6-month forward contract prices, as well as for 9-and 12-month forwards. For the cases where there is cointegration, this implies there is no significant risk premium and the forward market is efficient. When investigating the price discovery function of forward markets, Ankamah-Yeboah et al. (2017) conclude that the salmon forward market is still maturing, as the unbiasedness hypothesis is not be confirmed for all series.
Methodology
The methodology applied in this study is fully in line with the mainstream finance literature, which investigates whether the forward price is an unbiased estimator of the spot price and whether the forward market acts as a price discovery vehicle (Chen and Zheng, 2008; Ederington, 1979; Giles and Goss, 1981) . Forward prices relate to spot prices because they are derivatives of spot assets. Commodity forward contracts are specialized cases of forward contracts. They are standardized regarding the specific commodity, delivery date, and delivery location. It is the contract rather than the commodity itself, which is the unit of transaction. The futures market is the organized exchange, which deals in these contracts with respect to delivery or settlement. Asche et al. (2014) provide insightful details about the organization of the salmon market; for a fisheries perspective, see Forster (2002) and Torrisen et al. (2011) .
The market efficiency and unbiasedness hypothesis holds that
where F t;T is the forward price quoted at time t with n periods to contract maturity at time T; E t S T ð Þ is the market expectation of the future spot price at time T, formed at time t.
Under the condition of rational expectations, this translates to:
where X t is the information set available at time t and u t is the rational expectation error. Substituting Eq. (2) into Eq.(1), taking the natural logarithm on both sides of the equation and allowing for an intercept, it results:
Since both lnS tþn and lnF t;n are likely to be integrated of order 1, the above relationship should be tested through cointegration. The unbiasedness hypothesis implies cointegration between lnS tþn and lnF t;n . Eq.(3) implies the forward price to be a useful predictor of the subsequent spot price, in other words, the forward price leads the spot price. There also can be situations where the spot market leads the forward market, suggesting a reverse causal relationship:
Though Equation (4) is much less common for an underlying asset with a mature and developed forward market, it may well be true for salmon markets (Asche et al., 2016a; Giles and Goss, 1981; Slade and Thille, 2006) .
The intercept a i in Equations (3) and (4) typically represents convenience yield or risk premium. In the case of salmon forwards, it can be interpreted as a risk premium since the forward contract is a financial one without physical delivery at maturity. To be an efficient and unbiased predictor for one another, it is required that a ¼ 0 and b ¼ 1. a ¼ 0 implies zero risk premium under the assumption of risk neutrality, and b ¼ 1 implies that the two price series share a one-onone relationship. This constitutes a prerequisite for a perfect hedge.
Conditional on the existence of a cointegration relationship, a vector error correction model (VECM) can be constructed for each price series:
Such a VECM allows examining both the long-and short-run dynamics of the causal relationship between spot and forward prices. The main variable of interest in the VECM is the lagged error correction term (ECT), u S;tÀ1 or u F;tþnÀ1 , which represents the dynamics of the long-run relation binding the two price series, so that they never drift too far apart. To maintain the long-term relation, the expectation is that at least one out of the two ECTs to be statistically significant (i.e., q 6 ¼ 0) and bear a negative sign so that any deviation from the long-run equilibrium is adjusted in subsequent periods. A statistically insignificant ECT indicates that the dependent variable does not respond to a disequilibrium in the cointegration relationship. The magnitude of the coefficient of the ECT, q, measures the speed of adjustment toward equilibrium by the dependent variable in either Equation (5) or (6). In case there is no cointegration relationship for any spot-forward price pair, only the short-run dynamics can be examined by estimating a vector autoregressive model (VAR) with differenced log prices.
The short-run dynamics suggest that the lagged forward prices have significant predictive power for spot prices over finite forecasting horizons and vice versa. This is akin to the Granger-causality concept and can be tested in a VECM/VAR system by:
where C 12 i is the coefficient for the lagged differenced forward prices in Eq.(5) and C 21 i is for the lagged differenced spot prices in Eq.(6). Rejecting H 0 in Eq. (7) would imply that the forward prices lead the spot prices. Rejecting H 0 in Eq. (8) would imply the reverse short-run causality between the two price series.
This study also employs the Engle and Granger (1987) single equation residual based cointegration method, next to the Johansen (1988) system based method. The former method is known for its simplicity and suitable in a two-variables setting in which there could be at most one cointegration relationship. Table 1 provides the descriptive statistics for the spot price and forward prices of selected maturities. It reports the mean, median, standard deviation, and 25th and 75th percentiles for all the maturities used in the analysis. Table 1 shows that there is strong evidence of forward backwardation regarding the means of spot and forward prices as the forward price declines while the maturity increases. The standard deviation and range (i.e., difference between maximum and minimum values) of forward prices also declines with increasing time to maturity, suggesting a falling term structure of volatility. Only for the 12-month and 30-month maturities, there is a hiccup.
Data

Results
This section presents the results of the estimations of the models. It first reports the results of the stationarity analysis before the cointegration of the price series is addressed by way of Engle-Granger and Johansen tests. Then, it presents the results of estimating the (vector) error correction model. Lastly, there is a discussion of the results of the Granger causality analysis.
Regarding the application of the cointegration test, it is first considered whether the price series is integrated of the same order of non-stationarity. The augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests verify this property. The results for the ADF and PP unit root test are in the Appendix. This yields that, as expected, both ADF and PP tests support the assumption of the existence of a unit root in (log) spot and forward prices and concludes to stationarity in their first differences. Given that all log prices follow unit root processes and are integrated of the first order, the potential for cointegration between spot and forward prices does exist. This suggests the need to test for cointegration. The cointegration test results using the Engle-Granger and the Johansen methods are reported in Table 2 .
Based on the results in Table 2 , the Engle-Granger cointegration test results based on parametric testing suggest that there is evidence of cointegration between the spot price and the forward price regarding maturities up to 7-month, as the null hypothesis of no cointegration is rejected at the 5% level of significance for these contracts. There is only slight evidence for cointegration regarding salmon forward contracts of 8-and 9-month in case a 10% level of significance is considered. For contracts with maturities beyond 9 months, there is no evidence of cointegration. The test results based on the z-statistic supports cointegration up to 9 months at the 5% level of significance and up to 12 months at the 10% level of significance, respectively. Figure 1 . Monthly price movements of spot and forward prices in the salmon market. S notifies the spot market, Fi is for the forward market with i referring to the number of months.
The Johansen cointegration test results based on the trace statistic yields similar findings compared to the Engle-Granger t-test results in that cointegration with forward contracts with maturities up to 7 months at a 5% level of significance. For maturities beyond 7 months, the Johansen test does not conclude to cointegration. Using the max-Eigen statistic, the evidence for the existence of cointegration is extended to 9-month contracts at the 10% level of significance. These findings partially confirm those of Asche et al. (2016b) , who conclude cointegration between spot and forward prices of maturities from 1 to 6 months, as well of those of Ankamah-Yeboah et al. (2017) who conclude the same and also find cointegration for 9-and 12-month forwards.
By considering the full range of contract maturities, it seems that the strength of the cointegration relationship between forward and spot diminishes as contract time to maturity increases. The lack of cointegration for longer maturity contracts points to the inefficiency of salmon forward markets in the sense that they do not incorporate all relevant information and are biased predictors of spot prices, which in turn translates into extra cost and uncertainty for hedgers in the salmon forward markets.
To further test the unbiasedness hypothesis, restrictions have to be imposed on the coefficients of the cointegration relation that are shown to be statistically significant at 10% level by any test statistic in Table 3 . The results are in Table 3 . Because of these results, the null hypothesis that b ¼ 1 for any estimated cointegration relation cannot be rejected. This suggests that the futures price is efficient to the extent that there is evidence of cointegration. The joint hypothesis that a ¼ 0 and b ¼ 1 is a test for unbiasedness. It is rejected for 9 to 12 months Engle-Granger cointegration relations at the 10% respectively. The optimal lag length in the VAR under Johansen approach is selected using Schwarz's Bayesian Criterion (BIC) and is found to be two (the cointegration test results appear to be insensitive to lag length selection). Cointegration tests are conducted assuming the presence of an intercept in the cointegrating equation and but not in the VAR. Fourth and fifth columns show the trace and max-eigen value statistics for null hypothesis of no cointegration (i.e., r ¼ 0), respectively. Though not tabulated, the alternative hypothesis of one cointegration (i.e., r ¼ 1) cannot be rejected for all forward and spot pairs, regardless of the type of test statistic considered. The second and third columns display the coefficient estimates for a and b, respectively; the fourth column presents the t-statistic for the null hypothesis that b ¼ 1; the fifth column presents the chi-square statistic for the joint null hypothesis that a ¼ 0 and b ¼ 1. ÃÃÃ , ÃÃ , and Ã indicate statistical significance or rejecting of the null hypothesis at 1%, 5%, and 10%, respectively.
level of significance, suggesting that the futures price is a biased estimator of future spot price. The rejection of the joint hypothesis results from the non-zero a. This suggests there is a significant risk premium and risk aversion in the salmon futures market. However, this finding is not observed when the For a futures contract to serve as an effective price risk management tool, the futures price is expected to perform the price discovery function and to lead the spot price (i.e., prediction hypothesis). The lead-lag relationship between salmon forward and spot prices is examined through the error correction model (if applicable) and the Granger causality test. For those spot-forward pairs for which significant cointegration is evident at a 10% level of significance, the estimation of (V)ECM is used, otherwise, a standard VAR is estimated. The estimates of the error correction terms (ECTs) and the Granger causality test results are summarized in Table 4 (with the results for the Engle-Granger method in panel A and those for the Johansen method in panel B).
The long-term dynamics between the forward and spot prices is modeled by the ECTs, as defined in Equation (5), are statistically insignificant for the forward contract maturities examined. This finding is insensitive to the cointegration method employed. This leads to the conclusion that the salmon spot price does not play an active role in restoring the long-run equilibrium relationship with these particular forward series. In contrast, the ECTs for forward returns in Equation (6) all bear negative signs and are statistically significant at a 5% level. This suggests that the forward price adjusts to correct any disparity arising from cointegration relationship, providing strong support for the endogeneity of the forward price. Furthermore, the speed of adjustment, measured by the absolute value of the ECT, shows an inverse relationship with the maturity of the forward contract maturity. This implies that the adjustment speed diminishes as the maturity of the contract increases. This is in line with the lack of cointegration of salmon future forward with longer maturities. From this, the conclusion is that when the self-adjusting mechanism weakens, the cointegrating relationship breaks down as well.
The Granger causality test statistics reported in the fourth column of Table 4 examine the short-run dynamics between forward and spot prices. Please recall that if the null hypothesis is rejected when DlnS is the dependent variable, the lagged forward returns Granger cause the spot return. If the null is rejected when DlnF is the dependent variable, the lagged spot returns Granger cause the forward return. Table 4 shows that lagged forward returns Granger do not cause the spot return. On the other hand, the channel of Granger causality is very active from spot returns to the forward returns. This especially holds for maturities of 1-5 and 10-11 months. Therefore, the conclusion is that (lagged) spot returns have considerable predictive power regarding the forward returns in the salmon market, whereas the reverse is not true. Finally, the serial correlation test up to 10 lags for the estimated VECM (or VAR) is undertaken. The model is correctly specified if the null hypothesis of no autocorrelation is not rejected. As shown in the last column of Table 4 , there are very few cases of rejection, suggesting the results are robust and immune from any bias that might be caused by autocorrelation. The main result from Table 4 is that both long-and shortterm causalities are largely unidirectional, running from the spot to the forward market. This finding undermines the usefulness of the salmon futures market as a price discovery tool and raises doubts about its long-term viability.
Conclusions
The salmon market is developing rapidly and new technologies are introduced. With recent high prices, stakeholders in the salmon value chain focus on effective ways of coping with the market demand. Risk management becomes increasingly important and can be decisive as to development of markets and market shares. In this respect, salmon forward markets might help manage price risks. So far, most of the literature (Ankamah-Yeboah et al., 2017; Asche et al., 2016a) has concentrated on the short spectrum of the forward markets, i.e., up to a maximum of one year. This study aims to complement this research by investigating longer maturities too, namely up to and including five year forward.
The results of this research suggest that the salmon spot market dominates both the long-and short-run dynamics in relation to the forward market. The forward market is found to be endogenously determined and is not very useful (i.e., informative) as a price discovery vehicle. The existence of a lead-lag relation provides counterevidence of an efficient salmon market, which implies that new information should be impounded simultaneously into spot and forward prices alike. It seems the salmon forward market is sluggish in reflecting new information compared to the spot market. Especially for forward contracts with longer maturities, information efficiency is problematic. This suggests that the salmon forward market is not yet up to the role forward markets perform in other more established agricultural commodity markets (see also Bergfjord, 2007) . This may be due to low trading activity observed in the salmon forward market. As a consequence, especially producers and wholesalers require additional, more conventional, instruments (or big pockets) to manage price risk. Note: Log prices are tested with intercept; log prices in first difference (i.e., log returns) are tested without intercept and deterministic trend.
